Bill Brinkley had first described the kinetochore in the 1960s. He saw, by electron microscopy, a trilaminar, proteinaceous disc structure that flanked the centromere ([@bib1]). But further details were obscure for another 20 years.
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Raymond Zinkowski planned to change that. When he joined Brinkley\'s lab at the University of Alabama, Birmingham, as a grad student in 1986, "only a handful of labs were seriously investigating the centromeric region of chromosomes," says Zinkowski. "It just looked like a parking place for a kinetochore handle to move chromosomes."

Zinkowski became interested when studies using autoantibodies from scleroderma patients identified kinetochore-associated proteins ([@bib3]). Brinkley already held a notion that the kinetochore might be organized as repeat subunits. The Indian muntjac, a small Asian deer, had been identified as the mammal with the lowest number of chromosomes---a mere seven ([@bib10]). These cells with very few but large chromosomes gave Brinkley an easy target for examining kinetochore structure. He found what appeared to be compound, segmented structures. These may have evolved from fusions of the 46 chromosomes of an almost identical cousin, the Chinese muntjac ([@bib2]). Also, Indian muntjac prekinetochores stained with the scleroderma autoantibodies in interphase showed more than seven discrete spots arranged in threadlike arrays.

Zinkowski treated G1 muntjac cells with a combination of hydroxyurea and caffeine, which breaks up the chromatin and induces cells to enter mitosis prematurely. The "pulverized chromatin" wandered from the spindle but the multiple kinetochores still made functional attachments to the spindle. What\'s more, the seven Indian muntjac kinetochores now appeared as 80--100 kinetochore subunits ([@bib11]).

In addition, when Brinkley and Zinkowski stretched out metaphase centromeres by hypotonic treatment and then stained kinetochore proteins using IF, they saw a repeating subunit pattern. It was similar to the less-organized interphase staining pattern.

The staining patterns, together with the kinetochore subunits found in G1 cells, argued for discrete, preformed protein subunits. Those subunits, the authors concluded, were separated by stretches of centromeric DNA that came together into coils as chromosomes condensed.

The model went against the current thinking that centromeres recruited kinetochore proteins into a solid disc structure after condensation ([@bib5]; [@bib9]; [@bib8]). Brinkley says the model holds up in other stretched chromosome studies ([@bib4]) and in studies of budding yeast and worm centromeric proteins that appear to form subunits before chromosome condensation is complete ([@bib6]; [@bib7]). ![](kp_end.jpg)

Brinkley, B.R., and E. Stubblefield. 1966. Chromosoma. 19:28--43. 5912064

Brinkley, B.R., et al. 1984. Chromosoma. 91:1--11. 6525895

Earnshaw, W.C., and N. Rothfield. 1985. Chromosoma. 91:313--321. 2579778

Haaf, T., and D.C. Ward. 1994. Hum. Mol. Genet. 3:697--709. 8081355

Jokelainen, P.T. 1967. J. Ultrastruct. Res. 19:19--44. 5339062

Meluh, P.B., and D. Koshland. 1997. Genes Dev. 11:3401--3412. 9407032

Moore, L.L., et al. 1999. J. Cell Biol. 147:471--480. 10545493

Rattner, J.B. 1986. Chromosoma. 93:515--520. 3731942

Ris, H., and P.L. Witt. 1981. Chromosoma. 82:153--170. 7227036

Wurster, D.H., and K. Benirschke. 1970. Science. 168:1364--1366. 5444269

Zinkowski, R.P., et al. 1991. J. Cell Biol. 113:1091--1110. 1828250

[^1]: <kendallpowell@comcast.net>
